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ABSTRACT
We present a simple method for identifying candidate white dwarf systems with dusty exoplanetary debris based
on a single temperature blackbody model fit to the infrared excess. We apply this technique to a sample of Southern
Hemisphere white dwarfs from the recently completed Edinburgh-Cape Blue Object Survey and identify four new
promising dusty debris disk candidates. We demonstrate the efficacy of our selection method by recovering three of
the four Spitzer confirmed dusty debris disk systems in our sample. Further investigation using archival high resolution
imaging shows Spitzer data of the un-recovered fourth object is likely contaminated by a line-of-sight object that either
led to a mis-classification as a dusty disk in the literature or is confounding our method. Finally, in our diagnostic plot
we show that dusty white dwarfs which also host gaseous debris lie along a boundary of our dusty debris disk region,
providing clues to the origin and evolution of these especially interesting systems.
Keywords: white dwarfs – circumstellar matter – planetary systems
21. INTRODUCTION
The now firmly established link between remnant
exoplanetary systems, compact circumstellar dust
disks, and atmospheric heavy metal pollution in white
dwarf stars has demonstrated that exoplanetary sci-
ence has much to gain by continuing studies post-
mortem. In contrast with their dead host stars, the
surviving exoplanetary systems are dynamically ac-
tive, with large outer planets scattering smaller rocky
bodies into disruptively compact orbits, providing a
source of rocky material for both the observed com-
pact debris disks and the otherwise unexpected at-
mospheric metals (Debes & Sigurdsson 2002; Jura
2008; Frewen & Hansen 2014; Veras 2016). These post
main-sequence exoplanetary systems have revealed de-
tailed rocky exoplanetary abundances (Zuckerman et al.
2007; Dufour et al. 2012; Ga¨nsicke et al. 2012; Xu et al.
2014), complex debris disk dynamics (Wilson et al.
2014; Manser et al. 2016a), and even transits of actively
disrupting bodies (Vanderburg et al. 2015; Rappaport et al.
2016). Despite these exciting discoveries, statistical
analyses of the white dwarfs with observable exoplan-
etary debris disks suggest our picture is far from com-
plete. The frequency of white dwarfs with exoplanetary
systems as observed via accretion of heavy metals in
white dwarf atmospheres is highly discrepant from the
frequency of observable debris disks around white dwarf
stars (see Farihi (2016) for a recent review), suggesting
that majority of the sources of the accreting material
remain undetected (Rocchetto et al. 2015; Bonsor et al.
2017). The continued discovery of new white dwarf de-
bris disk systems will expand the range of exoplanetary
accretion phenomena we observe, and once our under-
standing of their origin and evolution is mature, allow
us to translate the observed sample properties through
the initial-final mass relationship to improve our under-
standing of planetary formation around stars like our
sun (e.g. Barber et al. (2016)). The large number of
new white dwarf stars expected to be discovered by the
Gaia space telescope offers the chance to increase the
sample of white dwarf exoplanetary systems by more
than an order of magnitude, once the dusty debris disk
systems can be identified and confirmed (Robin et al.
2012; Carrasco et al. 2014; Ga¨nsicke et al. 2016).
The process of identifying candidate dusty debris disk
systems in the modern astronomical era of cross match-
ing and database mining is simple: given a list of white
dwarf stars, a spectral energy distribution can be con-
structed entirely from publicly available photometry,
then compared against atmospheric models to reveal tar-
gets with excess infrared radiation. Unfortunately the
infrared signature of dusty debris disks is only prominent
beyond 2µm, forcing data miners to rely heavily on the
all-sky survey of the Wide-field Infrared Survey Explorer
(hereafterWISE, Wright et al. (2010)). While the pho-
tometry from WISE is well calibrated, its large imaging
beam leads to a high probability of un-resolved source
contamination (Debes et al. 2011; Barber et al. 2014),
and the two longest wavelength survey passbands, W3
and W4 at 12 and 22µm, are not sufficiently deep for
studies of white dwarf debris disks, leaving us with only
one or two significant points to discern the excess. In
the past astronomers have turned to space-based obser-
vatories such as the Spitzer Space Telescope to confirm
white dwarf debris disk candidates at higher spatial res-
olution and longer wavelengths than can be observed
from the ground, which has continued to provide obser-
vations well into its warm mission (Barber et al. 2012;
Xu & Jura 2012; Bergfors et al. 2014; Rocchetto et al.
2015). This has worked well for small samples of inter-
esting targets, but is impractical for the hundreds of new
dusty infrared excess candidates expected from Gaia.
In this work, as an extension of the WISE InfraRed
Excess around Degenerates Survey (hereafter WIRED,
Debes et al. (2011)), we present a simple but robust
method for identifying the most promising dusty debris
disk candidates based on the best-fitting effective tem-
perature and radius of a single temperature blackbody.
This technique is well suited to handle the sparse in-
frared excess points for studies that rely on WISE pho-
tometry. We apply this technique to the set of hydrogen
atmosphere (DA) white dwarfs identified in the recently
completed Edinburgh-Cape Blue Object Survey (here-
after EC Survey, Stobie et al. (1997), Kilkenny et al.
(2016)). This sample of Southern Hemisphere white
dwarfs is relatively bright (V ≤ 17.5) and provides a
good proxy for some of the issues that can be expected
and will need to be overcome for the sample of bright
white dwarfs from Gaia, which will initially have little
spectroscopic data and varying photometric coverage.
We present four new, promising dusty debris disk can-
didates, and identify a known dusty debris disk hosting
white dwarf as an outlier with our technique, which we
show to have a nearby contaminant that is unresolved
in previous Spitzer studies. We also find that among
the Spitzer -confirmed dusty debris disk hosting white
dwarfs, those that also host an observable gaseous com-
ponent lie along the boundary of our dusty debris disk
selection region, confirming a relationship between the
infrared disk luminosity and its propensity to host gas.
2. TARGET SELECTION AND COLLECTED
PHOTOMETRY
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Figure 1. Examples of survey images examined for nearby contaminants and the image quality flags they received, North
up, East right. The green and red crosses show the EC coordinates (not corrected for proper motion) and AllWISE detection
centers. The 7.8′′radius red circle represents the limit of the ALLWISE automatic source deblending routines which is capable
of resolving sources at separations greater than 1.3×FWHM of the W1 beam. Targets with additional sources within this circle
are flagged as having potentially contaminated WISE photometry. From left to right: Vista VHS Ks band images showing (a)
EC 05267-4305 clean image, Im Flag: 00 (b) EC 05024-5705 potentially contaminated WISE photometry, Im Flag: 01 and pair
of VST ATLAS z images showing (c) EC 21335-3637 clean image, Im Flag: 10 (d) EC 01107-1617 potentially contaminated
WISE photometry, Im Flag: 11
In this study we focus on hydrogen atmosphere (DA)
white dwarfs identified in the EC Survey. The EC Sur-
vey utilized U -B colors to select candidate objects and
relied on follow-up photometry and low-resolution spec-
troscopy to classify each blue object (Stobie et al. 1997).
The authors follow the identification scheme described
in Sion et al. (1983) to identify common white dwarf
types, and note that the broad spectral features of white
dwarfs make them easy to classify. Of the 2,637 unique
hot objects identified in the EC survey, we find that 489
have been designated as type DA or possible type DA
(e.g. DA?, DAweak, etc.). Candidates that have an un-
certain but possible DA spectral type are also included
in this study and are discussed later in the context of
possible contaminants.
For each target, we extract additional photome-
try from the GALEX All-sky Imaging Survey GR5
(Bianchi et al. (2014), hereafter GALEX ), AAVSO
Photometric All-Sky Survey DR9 (Henden et al. (2016),
hereafter APASS), 2MASS All-Sky Point-Source Cat-
alog (Cutri et al. 2003), VISTA Hemisphere Survey
(McMahon et al. (2013), hereafter VHS), and the
AllWISE Data Release of the Wide-Field Infrared Sur-
vey Explorer (Wright et al. 2010). Data collection for
the EC Survey began in the 1980s so in order to mini-
mize source mis-identification while cross-matching our
targets across nearly three decades worth of surveys,
we also collected proper motions for our targets from
the PPMXL catalog (Roeser et al. 2010). Using the
J2000 epoch from PPMXL, we queried each photomet-
ric catalog for sources within 2.5′′of the proper motion
corrected target position, corrected to the mid-point of
each survey’s data collection period.
To ensure we have selected the correct PPMXL
source, we use a method similar to that described in
Gentile Fusillo et al. (2017), which essentially selects
all nearby sources from the proper motion catalog of
choice, then corrects their positions to the known epoch
of the target before automatically selecting the nearest
source. Unfortunately, the later releases of the EC Sur-
vey are increasingly lacking in epochs for each object
coordinates, so the procedure was modified to enable
user selected sources. To do this, we overlaid the J2000
corrected EC target coordinates and proper motion
projections of all PPMXL sources within 15′′on POSS2
imaging plates (Reid et al. 1991). This search returned
3 or less PPMXL sources for 468/489 candidates with
many having only a single nearby source, leading to
simple, unique source identifications based on proximity
to the target coordinates. 4/489 targets had no PPMXL
sources within 15′′. For the remaining 17/489 targets
where multiple sources were found near the target coor-
dinates, we selected the PPMXL source most consistent
with both the EC Survey position and the measured
EC Survey B magnitude. These results suggest that
up 5% of our candidates could be mis-identified, poten-
tially leading to spurious infrared excess selections or
classifications, which we discuss in later sections.
It is well known that the large PSF of the WISE
beam (∼ 6.0′′ in W1 ) can lead to contamination from
nearby sources, and care must be taken to ensure the
measured AllWISE fluxes are consistent with a single
source (Debes et al. 2011; Barber et al. 2014). To iden-
4tify targets with potentially contaminated WISE pho-
tometry, we collected cutouts of survey images from
the VISTA-VHS and VST-ATLAS (Shanks et al. 2015)
catalogs in Ks and z bands from the VISTA Science
Archive. The VISTA Data Flow System pipeline pro-
cessing and science archive are described in Irwin et al.
(2004), Hambly et al. (2008), and Cross et al. (2012).
When both images were available, the VHS Ks images
were preferred as the photometric band is much closer
to the WISE photometry. Examples of images from
each catalog are shown in Figure 1. Overplotted on
each image is the position of the white dwarf target as
identified in the EC Survey, and the position of the cor-
responding AllWISE detection, including a 7.8′′ circle
around the WISE position, which is the approximate
limit of the automatic deblending routine used for the
ALLWISE pipeline. The imaging circle allowed us to
quickly identify and flag targets with potentially con-
taminated WISE photometry. Each target was assigned
an image quality flag based on the results of studying the
collected images by eye, which is included in the sum-
mary tables in the appendix. Targets that were identi-
fied as having potentially contaminated WISE photom-
etry were not excluded and should not be ruled out with-
out more careful analysis of the contaminating source,
but their WISE excess should be given more scrutiny
than those with clean images.
3. WHITE DWARF MODEL FITTING AND
INFRARED EXCESS IDENTIFICATION
Our first step in identifying systems with an infrared
excess is fitting the collected photometry of each target
with a white dwarf model. We use a grid of hydro-
gen atmosphere white dwarf models, kindly extended
to include GALEX and WISE photometry by P. Berg-
eron (Bergeron et al. 1995a). To ensure the model
and collected photometry were on the same magnitude
scale, we applied zero-point offsets to the GALEX, EC,
APASS, 2MASS, and VHS magnitude1 as defined in
Holberg & Bergeron (2006) and Camarota & Holberg
(2014). Each transformed magnitude was then con-
verted to flux density units using published zero points
(Cohen et al. 2003a,b; Jarrett et al. 2011). Our photo-
metric uncertainties are derived from reported catalog
values, and we assume a 5% relative flux uncertainty
floor.
1 VHS magnitudes were transformed to the
2MASS system using the color-color equations
described at http://casu.ast.cam.ac.uk/surveys-
projects/vista/technical/photometric-properties
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Figure 2. Our photometric white dwarf temperatures
assuming log g=8.0 compared with spectroscopic fits from
Koester et al. (2009) and Gianninas et al. (2011). Open
symbols represent targets with less than 3 datapoints used to
constrain the photometric fit. The colorscale represents the
spectroscopic surface gravity. A handful of white dwarfs can
be seen hitting the top of our photometric grid at 50,000 K.
Compared with previous WIRED surveys, our sam-
ple has a few unique features; first, our targets do not
have a consistent set of optical measurements which are
needed to anchor the white dwarf model photometry.
The U, B, and V band photometry from the EC Survey
is incomplete and the APASS survey is ongoing, lead-
ing to sporadic coverage across the different photometric
bands. The second is that fewer than half of our white
dwarfs have a prior spectroscopic effective temperature
and surface gravity determination, the latter of which is
often necessary to split the degeneracy between the solid
angle subtended by the white dwarf and its photometric
distance.
To address these issues, for our photometric white
dwarf model fits we fixed the surface gravity of our
model atmosphere grid to log g=8.0 (g measured in
cm s−2). For each model in our grid, we determine
an initial flux scaling based only on the available opti-
cal data (0.4µm≤ λ ≤ 0.7µm). The photometric scale
factors were then transformed to initial distance esti-
mates, and following the prescription of Harris et al.
(2006), we apply photometric reddening corrections to
our photometry for all sources beyond 100pc. The white
dwarf model was then re-fit to the corrected photom-
etry. The best-fitted model was chosen by minimiz-
ing the chi-square metric as computed for each scaled
model using all photometry at wavelengths below 1.0
µm. As discussed in Section 4.2, for white dwarfs identi-
fied with strong stellar excesses that obviously extended
5into the near-infrared and optical, we limited the pho-
tometry used to determine the best-fit to wavelengths
below 0.5 µm. For those targets with prior spectro-
scopic log g and Teff solutions from either Koester et al.
(2009) or Gianninas et al. (2011), we assumed the spec-
troscopic log g and Teff for our white dwarf atmospheric
parameters, and generated model photometry scaled to
the observed, de-reddened photometry with the method
described above.
We compare our photometrically derived effective
temperatures to the spectroscopic determinations for
apparently single objects where we have both in Fig-
ure 2, with the spectroscopic surface gravity displayed
as a colorscale. The most egregious outliers on Fig-
ure 2, shown as open symbols, are cases where fewer
than 3 photometric points were available to constrain
the photometric fit. We note that none of our new in-
frared excess candidates suffered from this severe lack
of data. Using the scatter in the relationship, we can
establish uncertainties for our white dwarfs which only
have photometric fits. Below 15,000K, the fits are gen-
erally good, with an uncertainty of ∼ 1000K. Between
15,000–30,000K, the scatter is greater, resulting in an
uncertainty of ∼ 3000K. Above 30,000K, the photo-
metric fits are generally unreliable which reflects a lack
of short wavelength optical and ultra-violet photome-
try needed to constrain the bluer SEDs. Despite the
agreement below 30,000K, there are still a handful of
3σ outliers given the uncertainties above, all of which
exhibit a bias toward lower photometric temperatures.
We find the culprit to be sporadically poor U band
photometry from the EC Survey, examples of which can
be seen in the SEDs of EC 02566-1802 and EC 23379-
3725 in Figures 4 and 9 respectively. Unfortunately, we
found no way to determine a priori if the EC U band
photometry was poor, and therefore cannot correct for
it in this sample. Based on the number of 3σ outliers in
Figure 2 below 30,000K we estimate the poor U band
photometry to be affecting less than 10% of our sample.
Targets showing a 5σ excess in either the W1 or W2
bands or a 3σ excess in the W1 and W2 bands were
flagged as infrared excess candidates. These criteria
flagged 111 out of 378 white dwarfs with AllWISE de-
tections as infrared excess candidates. These candidates
comprise the sample discussed in the remainder of the
paper.
4. INFRARED EXCESS CLASSIFICATION
While the selection of infrared excess candidates is
straightforward, classification of the infrared source
without a clean separation of the SEDs can be mis-
leading. For programmatic searches of infrared ex-
cesses like the prior WIRED studies (Debes et al. 2011;
Hoard et al. 2013), the root of this problem is the short-
age of infrared excess data points, which in our case is
exacerbated by an incomplete near-infrared dataset.
Techniques for classifying excesses as dusty debris disks
are particularly lacking. Conventional color-color selec-
tion (Hoard et al. 2013) can miss the subtle infrared
excesses that likely comprise a majority of dusty debris
disks (Rocchetto et al. 2015; Bonsor et al. 2017), and
it does not make use of all of the available information
gained from fitting a model white dwarf atmosphere to
the observed photometry, namely the photometric dis-
tance. More complex models can in theory distinguish
between stellar and dusty infrared excesses (Debes et al.
2011), but reduced chi-square metrics are often degen-
erate between stellar and dusty classifications given the
limited number of infrared excess points constraining the
models. Because of these concerns, and our uniquely
deficient photometry, we sought a simple technique that
could distinguish between whether the excess is consis-
tent with a dusty debris disk, an unresolved stellar or
sub-stellar companion, or a background contaminant,
and that would quickly highlight the best candidates
for follow-up studies.
The simplest model that describes the infrared excess
is a single temperature blackbody assumed to be at the
photometric distance of the white dwarf star. Assum-
ing the white dwarf atmospheric parameters and pho-
tometric distances derived above, we fit a single tem-
perature blackbody to the observed infrared excess for
each infrared excess candidate in our sample, with only
the blackbody effective temperature and radius as free
parameters. Figure 3 shows the results of the single
temperature blackbody fits for our entire sample, plot-
ted as the effective temperature versus radius of the in-
frared source as scaled to the white dwarf radius. It is
important to keep in mind that what is actually be-
ing fitted is a ratio of the solid angle subtended by
the single temperature blackbody source to that of the
white dwarf star, and so errors in the assumed white
dwarf radius and distance, particularly for those with
photometric atmospheric solutions where we have as-
sumed a surface gravity, propagate into this measure-
ment. Figure 3 should not be interpreted as giving an
accurate description of the temperature and radius of
the infrared source, particularly for dusty debris disk
candidates which are neither perfectly circular nor at a
single temperature, but rather it can be used as guid-
ance for selecting targets of interest. To help guide the
reader, we also plot in the background as light grey
squares the effective temperature and radius for the stel-
lar and sub-stellar models of Chabrier & Baraffe (1997)
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Figure 3. Plot of best-fitting blackbody Teff and radius for each infrared-excess candidate (black circles), with the blackbody
radius scaled to the white dwarf radius. Literature identified WD+dM systems are denoted with red stars while identified dust
excesses are denoted with blue hexagons. Light grey squares show stellar and sub-stellar model effective temperatures and radii
from the models of Chabrier & Baraffe (1997) and Chabrier et al. (2000) as scaled to a log g = 8.0 white dwarf radius. Grey
diamonds show the effective temperatures and radii adopted from the single temperature blackbody fits of all Spitzer confirmed
dusty debris disks by Rocchetto et al. (2015).
and Chabrier et al. (2000), which extend from early M
dwarf stars down to sub-stellar and late type brown-
dwarf stars, scaled to a typical log g = 8.0 white dwarf
radius. Finally, we also show the parameters for single
temperature blackbody fits to all known dusty debris
disks confirmed with Spitzer, independently fitted by
Rocchetto et al. (2015), in the background as grey di-
amonds. We have derived the blackbody radius used in
the fits of Rocchetto et al. (2015) from the white dwarf
effective temperature, blackbody temperature, and frac-
tional infrared luminosity from their Table 3, assuming
the radius of a log g=8.0 white dwarf, consistent with
what the authors used when fitting their single temper-
ature blackbodies.
We also performed a literature search for all of the
objects in our sample and found 6 with published in-
frared excesses identified as dusty debris disks, and 44
with published infrared excesses identified as stellar or
sub-stellar companions. We indicate these on Figure 3
with blue hexagons (dusty disks) and red stars (stellar
companions) and see that, in general, these groups oc-
cupy distinct regions of the plot. We define three regions
of interest in this plot. Region I is defined as a region
of low effective temperature (T< 2000K) and varying
radius. We see that the 5/6 known dusty debris disks
in our sample cluster in this region in the lower left cor-
ner of our plot. The one identified dusty debris disk in
our sample which does not follow this trend, PG 1457-
086, is discussed in more detail in section 4.3. While the
5 literature-identified dusty debris disks in this region
provide a nice set of boundaries for selecting new dusty
debris disk candidates within our sample, the single tem-
perature blackbody fits of the sample of 35 Spitzer con-
firmed dusty white dwarf systems from Rocchetto et al.
(2015), overplotted as grey diamonds, provide an inde-
pendent view of the extent of the dusty debris disk re-
gion. In Region II, known stellar companions to white
dwarfs congregate at higher temperatures and radii, in
a locus around 3000K and 30RWD (0.4R⊙), which are
the temperature and radii expected for an unresolved M
dwarf type companion. Region II extends down into
the low temperature and small radius regime of Re-
gion I, where the overlap between dusty debris disks
and late-type stellar and sub-stellar companions forces
us to a less certain conclusion about the source of the
infrared excess. Objects in Region III, which consists
7of infrared excess best reproduced by objects of higher
temperature (T> 3500K) and small radius R< 10RWD
(0.1R⊙), have no obvious source, but are likely the re-
sult of mis-classification or contamination. We discuss
each region and the objects they contain below.
4.1. Region I: Compact, Dusty Debris Disks
In addition to the empirical boundaries given by the
single-temperature blackbody fits to the known dusty
debris disks, there is a corresponding theoretical ex-
pectation that dusty debris disks should congregate in
this region. The formation of dusty debris disks via
the tidal disruption of asteroids suggests they should
not extend well beyond the asteroid tidal disruption ra-
dius at 1.0R⊙, or 85RWD for typical white dwarf
masses around 0.6M⊙ and asteroid densities∼ 2 g/cm
−3
(Veras et al. 2014). At their inner edge, the cm to mi-
cron sized dust is only expected to be able to survive
at temperatures below 2000K before sublimating into
gas (Rafikov & Garmilla 2012). Since the dust within
this region is expected be optically thick, the majority
of it is shielded from direct radiation and it’s tempera-
ture falls off rapidly with distance from the white dwarf
(Chiang & Goldreich 1997; Jura 2003), with the outer
dust near the tidal disruption radius radiating at only
a few hundred degrees kelvin. The temperature of the
single-temperature blackbody fit along the x-axis of Fig-
ure 3 can be thought of as an area weighted temperature
average of the dust disk, which given the expected in-
ner and outer boundaries should be between 500-1500K
depending on the width of the disk. The radius of the
single-temperature blackbody plotted along the y-axis
is less straightforward to interpret as it is dominated by
the inclination of the dust disk.
There is some overlap with the stellar candidates de-
fined by Region II and the bottom of Region I. We
choose to list the objects in this overlapping region as
dusty debris disk candidates. Because the new dusty
debris disk candidates are of particular interest to this
study, we provide the spectral energy distributions with
the single temperature blackbody fits for each new dusty
debris disk candidate in Figure 4 and in the appendix
in Figure 9. Table 1 provides a summary of the prop-
erties of all objects in Region I, including new debris
disk candidates, known debris disk systems recovered
by our search, and candidates we have chosen to reject
as dusty debris disks based on either an obviously poorly
fit SED or an independent physical reason, detailed in
the Rejected Candidates section of the appendix. We
also performed extensive literature searches on each ob-
ject in this region and provide notes, additional data,
and recommendations for follow-up on each object.
In the remainder of this section, we highlight our
follow-up on four promising candidates which appear
firmly inside of Region I, have high resolution spatial
follow-up which suggests their WISE photometry is un-
likely to be contaminated, and have optical spectroscopy
to search for atmospheric metal pollution. The signa-
ture of recent accretion is not necessarily independent
confirmation that an observed WISE infrared excess
is consistent with a dusty debris disk. Recent studies
have shown that the frequency of atmospheric pollution
consistent with metal rich exoplanetary debris accretion
could be as high as 25% (Koester et al. 2014). However,
to date every confirmed dusty debris disk hosting white
dwarf has been demonstrated to be actively accreting
metal rich debris (Farihi 2016) so limits on the atmo-
spheric pollution from optical spectra can be used as an
easy way to prioritize dusty debris disk candidates. The
most commonly detected transition in the optical is the
Ca II K resonance line at 3934 A˚(Zuckerman et al. 2003;
Koester et al. 2005; Kawka et al. 2011). For each object
we provide measurements or conservative upper limits to
equivalent widths of the Ca II K line based on archival or
collected spectra. Ultimately, only higher spatial reso-
lution, longer wavelength observations, or near-infrared
spectroscopy can confirm WISE excesses as necessarily
due to dust.
EC 01071-1917: Also known as GD 685 and WD
0107-192. The best-fitted single temperature blackbody
parameters place it well away from the overlapping stel-
lar models of Region II. The ATLAS z band image is free
of nearby contaminants. This object was also targeted
as part of the SPY survey (Koester et al. 2001), from
which we have adopted the spectroscopic effective tem-
perature and surface gravity (Teff=14,304 K, log g=7.8)
for our white dwarf model parameters in the SED fit.
We collected and combined the pipeline reduced archival
SPY spectra using the ESO Science Archive to search
for atmospheric Ca. We detect a subtle Ca K absorp-
tion feature shown in Figure 5 with an equivalent width
of 28.0± 9.0mA˚ at a heliocentric corrected velocity of
1.6± 1.4 km/s, which is consistent with the white dwarf
photospheric velocity of 1.5± 0.9 km/s as measured with
a gaussian fit to hydrogen alpha NLTE line core.
EC 02566-1802: Also known as HE 0256-1802 and
WD 0256-180. The best-fitted single temperature black-
body parameters place it well away from the overlapping
stellar models. ATLAS z band imaging is free of nearby
contaminants. We also obtained additional Ks follow-
up with the SPARTAN infrared camera on the SOAR
telescope which confirm the lack of nearby sources, but
are unable to provide additional calibrated photometry
due to poor observing conditions. We adopt a spectro-
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Figure 4. SEDs of four of the most promising dusty debris disk candidates with white dwarf model and single temperature
blackbody fits
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Figure 5. Combined UVES SPY spectrum for EC 01071-
1917, centered on Ca K. Equivalent width measurement
shown in red.
scopic temperature of 26,120K and surface gravity of
log g=7.76 from the SPY survey (Koester et al. 2009)
for our SED fits, which agrees with our independent
photometric temperature. The white dwarf effective
temperature is high, but not prohibitively so, for white
dwarfs which host dusty debris disks. At this temper-
ature, the optical spectra are less useful as probes for
atmospheric pollution due to higher ionization states of
atmospheric metals with transition wavelengths in the
ultra-violet (Koester et al. 2005, 2014). Nevertheless we
place an upper limit to the eqw Ca II K line of 17.5mA˚.
A nearby absorption feature of ∼ 21.0mA˚ was detected
at 10.3± 1.1 km/s, but is inconsistent with the white
dwarf photospheric velocity of 25.5± 1.7 km/s, and is
likely interstellar.
EC 03103-6226: Also known as WD 0310-624. The
white dwarf model is well constrained and the best-fitted
single temperature blackbody parameters place it within
the region of known dusty debris disks, though there
is some overlap with the stellar models of Region II.
VHS Ks band imaging is free of nearby contaminants.
This object was identified as a white dwarf candidate
and followed up spectroscopically by Subasavage et al.
(2007), where it is noted that the difference in spectro-
scopic and photometric temperatures are suggestive of it
being an unresolved double-degenerate candidate. Our
independent photometric temperature is slightly hotter
than their photometric fit (15,250K vs 13,900K) and
in better agreement with their spectroscopic temper-
ature of ∼ 17,000K. Considering that both estimates
of the photometric temperature assume a surface grav-
ity of log g=8.0, the remaining discrepancy could be
within the photometric temperature error budget. We
also obtained high signal-to-noise optical spectroscopy
on 2015 November 18 with the Goodman Spectrograph
on SOAR. We used the 0.46′′slit in combination with
the 1800 l/mm grating to cover a wavelength range from
3740 A˚ to 4580 A˚ with a resolving power of R∼ 7000.
No absorption features are detected near Ca K, result-
ing in an upper limit of 46.5mA˚.
EC 21548-5908 The white dwarf model is well con-
strained by multiple near-infrared photometry points
(2MASS and VHS). VHS Ks band imaging is free
of nearby contaminants. To confirm the atmospheric
parameters, we obtained low resolution optical spec-
troscopy with the Goodman Spectrograph on SOAR
covering the hydrogen Balmer series from Hβ blueward.
Using the techniques described in Fuchs et al. (2017), we
fit the spectra to a grid of hydrogen atmosphere white
dwarf models kindly provided by D. Koester (Koester
2010), and determined a spectroscopic effective temper-
ature and surface gravity of 12,330K and log g=8.04,
which are consistent with the photometric fit. We also
obtained high signal-to-noise optical spectroscopy on
2015 October 18 with the Goodman Spectrograph on
SOAR, using the same instrument setup described for
EC 03103-6226. No absorption features are detected
near Ca K, resulting in an upper limit of 65.9mA˚.
94.2. Region II: Unresolved Stellar/Sub-Stellar
Companions
The results of objects that fall within Region II are
summarized in Table 2. We provide examples of SEDs
of objects with the stellar classification in Figure 11 of
the . We note that for the brighter stellar excesses which
begin in the optical wavebands, our white dwarf mod-
els often attempted to fit some of the additional optical
flux from the unresolved companion, resulting in white
dwarf model fits that were systematically overluminous,
and single temperature blackbody fits that were system-
atically underluminous, pulling the single temperature
blackbody fits to lower temperatures. To account for
this, we re-fit the white dwarf models restricting our
photometry to wavelengths less than 0.5 µm. The po-
sitions of objects in Figure 3 and the fitted parameters
given in Table 2 reflect our best-fitted values after this
correction was applied. More detailed modeling is nec-
essary to determine the stellar companion spectral type,
and is beyond the scope of this paper.
4.3. Region III: High Tempertaure, Small Radius
The third region of Figure 3 consists of objects with
an infrared excess that is best fitted by a single temper-
ature blackbody with a high temperature (T> 4000K)
and small radius (R< 10RWD). The results of objects
that fall within this region are summarized in Table 3.
Examples of objects in this region are shown in the ap-
pendix in Figure 12. The nature of the objects populat-
ing this region is less obvious than the other two regions.
Furthermore, since Region III includes one of the known
dusty debris disks in our sample, PG 1457-086, we took
great care in investigating this region. We propose these
objects are the result of some combination of the follow-
ing four scenarios.
1) Erroneous stellar classification/poor photome-
try/poor WD model fit: The first thing that stands
out when looking through the results in Table 3 is
that 6/15 of the objects have an uncertain EC spec-
tral type and 5 of them are identified as potential hot
sub-dwarfs. With uncertainty about the blue object
classification, we can no longer rely on our DA white
dwarf atmospheric models to accurately predict the
photometric flux in the near-infrared. 5/9 remaining
objects have high signal-to-noise spectral follow-up and
atmospheric model parameter fits from either the Gian-
ninas or Koester spectroscopic surveys so they cannot
be accounted for by misclassification.
Finally, if the white dwarf model is fitted at a higher
temperature than the true white dwarf temperature, the
difference in slope can result in the excesses observed in
this section. This appears to be the case for at least
one of the white dwarfs where we have assumed a spec-
troscopic temperature, EC 10188-1019, as evidenced by
the highly discrepant GALEX photometry. Our fitted
photometric temperature is much lower than the re-
ported spectroscopic temperature from Gianninas et al.
(2011) (11,000K vs 17,720K), and the difference in
temperature completely accounts for the observed in-
frared excess. We note that EC 10188-1019 is flagged
by Gianninas et al. (2011) as being magnetic, which is
likely affecting the spectroscopic temperature as non-
magnetic models were assumed for the fits.
As discussed in both Koester et al. (2009) and
Gianninas et al. (2011), the Balmer features used to
determine spectroscopic atmospheric parameters peak
in strength around 13,000-14,000K, and fits of white
dwarfs near this temperature often suffer from a
hot/cold solution degeneracy across this boundary. Pho-
tometric fits are one way to break this degeneracy. 3
white dwarfs in this region have spectroscopic tempera-
tures near this boundary, the magnetic white dwarf EC
10188-1019 discussed above, EC02121-5743, and EC
22185-2706. Cooler white dwarf models could explain
the observed excess.
2) Irradiated sub-stellar/planetary mass companion:
The best-fitted radii of objects in this region are con-
sistent with Jupiter and brown-dwarf sized compan-
ions, but the temperatures require a substantial amount
of additional heating. The post-main sequence evolu-
tion of the white dwarf progenitor is expected to re-
sult in planetary re-heating via accretion and irradia-
tion (Spiegel & Madhusudhan 2012), but the tempera-
tures needed to fit the infrared excesses in this region
(T> 4000K) are well beyond what is expected. Fur-
thermore, the thermal relaxation timescale of the re-
heated planets is on the order of hundreds of millions of
years, meaning the re-heated planets would only be ex-
pected around the youngest white dwarfs in this sample
(Spiegel & Madhusudhan 2012).
There are a handful of confirmed white dwarf-
brown dwarf binaries in compact orbits which sug-
gest that, despite engulfment, the brown-dwarf sur-
vives post-main sequence evolution relatively un-
scathed (Farihi & Christopher 2004; Maxted et al. 2006;
Casewell et al. 2012; Steele et al. 2013). The compact
orbits lead to tidally synchronous orbits and significant
differences between dayside and nightside brown-dwarf
surface temperatures (Casewell et al. 2015). Despite the
strong irradiation, the dayside temperatures (∼ 3000K)
are still too cool to explain the excesses seen in this
region (Casewell et al. 2015). Nonetheless, if these ex-
cesses are the result of irradiated brown-dwarf compan-
ions, there should be observable spectral features in the
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near-infrared and optical, and brightness modulations
from tidal and reflection effects from the companion.
The lack of these features could quickly rule out com-
pact brown-dwarf companions.
Finally, it is also worth pointing out that previous
studies have found the brown dwarf companion fraction
to white dwarfs to be low. In a search for binary com-
panions that included near-infrared direct imaging and
near-infrared excess techniques, Farihi et al. (2005) find
the white dwarf brown dwarf companion fraction to be <
0.5%. In a previous WIRED study, Debes et al. (2011)
find the observed frequency to be between 1.3±0.6% af-
ter accounting for likely contaminants. Even in the most
optimistic case, in our sample of 383 white dwarfs with
WISE detections we should only expected 7-8 white
dwarf brown dwarf systems, which is not sufficient to
explain all of the observed excesses in this region.
3) Unresolved contaminants: Another way to produce
the subtle excess is with an unresolved, line-of-sight ob-
ject which is at a different distance than the white dwarf.
Even with high quality near-infrared follow-up from the
VISTA-VHS survey, care must still be taken to confirm
the excesses seen in this section are not the result of a
contaminant. We find EC 14572-0837, also known as
PG 1457-086 (hereafter EC 14572), to be an example of
contamination by an unresolved background source.
EC 14572 is identified in the literature as a dusty de-
bris hosting white dwarf, with strong atmospheric metal
pollution (Farihi et al. 2009). The infrared excess was
confirmed by Spitzer and determined to be most con-
sistent with a dusty debris disk. EC 14572 is included
in the sample of Spitzer confirmed dusty debris disks
identified by Rocchetto et al. (2015)
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Figure 6. Two epochs of NAOS+CONICA high resolution
near-infrared images of EC 14572. The two J band images
show a very nearby source which does not appear to be in a
common proper motion pair with the white dwarf.
EC 14572 is the only published dusty debris disk that
we failed to correctly identify in our single tempera-
ture blackbody selection. Because this might indicate
a short-coming in our dusty debris disk selection tech-
nique, we performed a thorough archival data search
to determine if any additional data could help resolve
the discrepancy between the infrared excess as seen
when scaling to the optical versus near-infrared photom-
etry. Our ESO archive search revealed that EC 14572
was a target in a multi-epoch, high-contrast and high-
spatial resolution imaging search for Jupiter sized plan-
ets around dusty debris disk hosting white dwarfs with
the NAOS+CONICA near-infrared imager on the VLT
as a part of program 085.D-0673(A) led by M. Radiszcz.
The high quality J band imaging reveals a close contam-
inant. Figure 6 presents two epochs of imaging from this
study for EC 14572, taken 3 years apart, centered on the
brighter object, with approximate separation measure-
ments.
The change in separation between the two epochs of
0.126′′ is consistent with the direction and magnitude of
the proper motion of EC 14572 as measured by the PP-
MXL survey (µα =2.4mas yr
−1 and µδ=-38.8mas yr
−1),
suggesting the two objects are not in a common proper
motion pair. We performed aperture photometry on
the two sources and find the flux ratio between the
white dwarf and the contaminant to be 3.2±0.6, which
is agreement with the excess flux above the white dwarf
model observed in the J band. The best-fitted black-
body that can explain the excess has a temperature of
4400K.
Any additional flux from the unforeseen companion
is certainly contaminating our near-infrared and WISE
data, and is very likely present in the Spitzer data of
Farihi et al. (2009). Though Farihi et al. (2009) scaled
the white dwarf model photometry to the near-infrared
data when modeling the excess as a dusty debris disk,
effectively including the near-infrared flux of the unre-
solved contaminant in their stellar model, if the contam-
inant is significantly cooler than the white dwarf the
difference in slope of the spectral energy distribution
at these wavelengths could be solely responsible for the
infrared excess measured for EC 14572. Given the dif-
ference in proper motion between the white dwarf and
contaminant, increased separation should allow future
follow-up to independently measure the near-infrared
flux of the white dwarf and the contaminant, and defini-
tively resolve the source of the excess infrared radiation.
5. LOCUS OF GASEOUS DEBRIS HOSTING DISKS
As a by-product to our search for new dusty debris
disks, we also found an interesting relation among dusty
debris disks which are also known to host gaseous de-
bris in emission. Circumstellar gaseous emission has
been observed in the optical spectra of 8 white dwarfs
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which also dusty debris disks (Manser et al. 2016b). The
gaseous debris is believed to be spatially coincident with
the dusty debris (Melis et al. 2010), and the interaction
between the gas and dust is likely to play large role in the
evolution and accretion of the dust disk (Metzger et al.
2012). The double-peaked emission calcium triplet emis-
sion features exhibited by these disks lend themselves to
more detailed dynamical modeling than can be accom-
plished with the infrared excesses of dusty debris disks
(Ga¨nsicke et al. 2006; Hartmann et al. 2016), and sev-
eral have been shown to be variable on timescales of
decades (Manser et al. 2016b).
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Figure 7. Location of all Spitzer confirmed dust disks as fit-
ted with single temperature blackbodies by Rocchetto et al.
(2015). Systems with observed Ca triplet emission are iden-
tified with red diamonds with black outlines, and systems
where we found no evidence of Ca triplet emissions with our
SOAR observations are shown as filled grey diamonds. Open
diamonds are systems we have not yet followed-up for Ca
triplet emission.
Figure 7 shows an expanded region of our Figure 3
with the blackbody fits from Rocchetto et al. (2015). It
is worth reiterating here that the disks themselves are
not spherical, and the best fitted “radius” is a proxy for
apparent surface area, which is affected by inclination
and the inner/outer disk radius. In red diamonds with
black outlines we highlight all of the literature identi-
fied gaseous debris systems within the Rocchetto et al.
(2015) sample. We have also been surveying known
dusty debris disk hosting white dwarfs for calcium triplet
emission, the most common tracer of gaseous debris
in these systems, and we include our non-detections
as filled grey diamonds. Our Ca triplet observations
are being carried out with the Goodman Spectrograph
(Clemens et al. 2004) on the SOAR telescope, using the
1200 l/mm grating and the 1.07′′slit with a wavelength
coverage of 7900 A˚ to 9000 A˚ and routinely reach a
signal-to-noise of ∼ 40 per 1.2A˚ resolution element. Ex-
amples of non-detections are shown in Figure 8. Open
grey diamonds are systems we have not yet surveyed.
The white dwarfs with gaseous and dusty debris all
lie along the terminus of the dusty white dwarf region
of the blackbody fit plot. In other words, for any pro-
jected surface area, the dusty disks with gaseous debris
congregate at the highest temperatures. This is not sur-
prising as the high temperature side of the dust disk
region should be defined by the dust sublimation tem-
perature. It seems natural then that gas disks appear
most frequently in systems with copious amounts of dust
at the sublimation temperature.
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Figure 8. SOAR spectra used to rule out Calcium triplet
emission in three dusty debris hosting white dwarfs. The
dashed red line shows the rest wavelength of the calcium
triplet. Atmospheric Calcium is seen in absorption in the
DB white dwarf WD 0300-013.
Another interpretation is that for a given temperature
the white dwarfs with gaseous debris host the largest,
and therefore most luminous dusty debris disks. The
observation that white dwarfs with gaseous and dusty
debris tend to have brighter dusty debris disks is not
novel (Farihi 2016), but we find it particularly inter-
esting in the context of the results from the dynamical
modeling that has been performed on the emission pro-
files. Typically, high inclinations (i > 60◦) are needed
to reproduce the large velocity dispersion and deep inner
regions of the Ca emission profiles (Ga¨nsicke et al. 2006,
2007; Melis et al. 2012). This is difficult to reconcile
with the brightness of the infrared dusty components,
as all other things considered equal, one would expect
the low inclination, face-on dust disks to be the highest
luminosity disks. The implication is that systems which
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host gaseous debris in combination with dusty debris
may not display equivalent, flat geometry as those with-
out gaseous debris. This could be expected if the gas
was collisionally produced, perhaps during a recent dis-
ruption or collision with an existing disk as described in
Jura (2008).
6. CONCLUSIONS
The EC Survey has provided a number of new, bright,
spectroscopically confirmed white dwarf stars in the
Southern Hemisphere, which we have surveyed for in-
frared excesses. The challenges of extending the WIRED
techniques to a survey with incomplete spectroscopic
and photometry were discussed, and a new technique
for separating dusty debris disk candidates from stel-
lar companion candidates based on single temperature
blackbody fits to the excess radiation, which yields four
new promising dusty debris disk candidates. We em-
phasize however that all infrared excesses discussed in
this paper should be considered as candidates until in-
dependently confirmed. The selection of dusty debris
candidates via single temperature blackbody fits works
in a uniform way with good to poor photometry, and
should prove useful for Gaia white dwarf infrared ex-
cess studies. Gaia searches will benefit greatly from the
independent distance estimates and the precise, space-
based G band flux measurement, which can be used to
anchor the white dwarf model photometry.
Along the way, we identified EC 14572 as an outlier
among the literature identified dusty debris disks, and
an archival search reveals high-contrast, high-spatial res-
olution imaging that suggests the observed excess could
be contaminated by an unresolved contaminant. It re-
mains to be seen if the companion can account for all
of the observed infrared excess, or if the system still re-
quires a dusty debris disk. We also identified the gaseous
debris disk hosting white dwarfs on the blackbody tem-
perature and radius plane, and find that they form the
terminus for dusty debris disks, providing clues to their
origin and evolution.
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APPENDIX
A. NOTES ON REMAINING DUSTY DEBRIS DISK CANDIDATES
EC 00169-2205: Also known as GD 597 and WD 0016-220. This object has a tenuous excess, which does not
continue into the W2 band, although the error bars on W2 are large. It was included as part of a high resolution
imaging survey by Farihi et al. (2005) to uncover low luminosity companions to white dwarfs and no companion was
detected. EC 00169-2205 was also included in the Zuckerman et al. (2003) search for metals in white dwarfs via the
ca II K line. No Ca was detected, and Zuckerman et al. (2003) provides an upper limit to the Ca K equivalent width
of < 10 A˚, which at this temperature, corresponds to an atmospheric abundance upper limits of [Ca/H]< -10. This
would be an unusually low abundance for an object with an infrared bright dust disk (Farihi et al. 2012) and we
therefore believe the detected excess to be the result of poor WISE photometry.
EC 01129-5223: Also known as JL 237. This object has a tenuous excess, which does not continue into the W2
band, although the error bars on W2 are quite large and the excess does begin in the Ks band which is high quality.
The VHS Ks band image available is free of nearby contaminants. The spectral energy distribution is not very well
constrained by the limited optical photometry, but the departure from blackbody in the Ks band and W1 band are
statistically significant.
EC 05276-4305: The excess is small but the white dwarf model is well constrained by the multiple near-infrared
data points (2MASS and VHS). The VHS Ks band image is free of nearby contaminants.
EC 13140-1520: Also known as LP 737-47 and WD 1314-153. This object has a tenuous excess, and no high spatial
resolution imaging exists to search for nearby contaminants.
EC 20036-6613: The white dwarf model is well constrained by the multiple optical photometry data points but the
object is lacking in near-infrared photometry. We obtained follow-up Ks band imaging with the SPARTAN infrared
camera on the SOAR telescope, which shows a nearby source likely contaminating the WISE photometry.
EC 21010-1741: The white dwarf model is well constrained by the high quality VISTA infrared data points, but the
infrared excess is not consistent with a single source between W1 and W2. The VHS Ks band image available shows
a potential nearby contaminant, which is likely the source of the infrared excess.
EC 21459-3548: The white dwarf model is not well constrained by the limited available photometry, particularly
in the near-infrared. ATLAS z band imaging reveals a nearby contaminant that is too close to be resolved in WISE
photometry.
EC 23379-3725 The best-fitted single temperature blackbody parameters place it well away from the overlapping
stellar models. The discrepant near-infrared data present some concern for contamination, but the VHS Ks band
imaging is free of nearby contaminants.
Rejected Candidates: We chose to reject 9 candidate dusty debris white dwarfs for a variety of reasons. Their SEDs
are shown in Figure 10. EC 00323-3146 and EC 04552-2812 were designated spectral type ’DAwk’ in the EC catalog,
indicating narrow/weak Balmer lines preventing clear DA white dwarf classification. EC 19442-4207 is identified
in the EC catalog as a CV/DAe, indicating the system is a cataclysmic variable (O’Donoghue et al. 2013). Both
EC 12303-3052 and EC 11023-1821 were followed up with Spitzer by Rocchetto et al. (2015) and found to have no
infrared excess, indicating the WISE excesses are the result of contamination. EC 04114-1243 and EC05024-5705 both
have white dwarf temperatures which are too high for optically thick dust to survive sublimation within their tidal
disruption radius (von Hippel et al. 2007). EC 04139-4029 and EC 04516-4428 are both are strong outliers in Figure 3.
Their spectral energy distributions are suggestive of source confusion, particularly the highly discrepant near-infrared
data from 2MASS and VHS. The higher spatial resolution images for both objects from VHS show nearby sources,
indicating the WISE excesses are very likely the result of contamination.
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Figure 9. SEDs of new dusty debris disk candidates not shown in Figure 5.
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Figure 10. SEDs of rejected candidates. *Denotes fluxes plotted in (Jy). The discrepant near-infrared photometry seen in EC
04139-4029, EC04516-4428, and EC19442-4207 results from source confusion in the 2MASS photometry that was resolved by
the higher spatial resolution VHS photometry.
B. EXAMPLE SPECTRAL ENERGY DISTRIBUTIONS WITH SINGLE TEMPERATURE BLACKBODY FITS
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Figure 11. Examples of SEDs of stellar/sub-stellar companions
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Figure 12. Examples of SEDs with High Temperature/Low Radius Excesses
C. TABLES OF CANDIDATES FROM EACH REGION
Table 1. Region I: Dusty White Dwarf Candidates
EC Name Right Ascension Declination V EC Sptype WD Teff WD log g BB Teff BB Rad Im Flag Ref
(J2000) (J2000) (mag) (K) (cm−2) (K) (RWD)
New Candidates:
00169-2205 4.8676032 -21.817987 15.33 DA 13264.0a 7.78a 1675.0 2.0 20 1
01071-1917 17.3880821 -19.0216157 16.16 DA 14304.0a 7.79a 537.5 39.0 10 1
01129-5223 18.7553121 -52.1286677 16.47 DA 22000.0 8.0 1725.0 5.0 00 1
02566-1802 44.7483175 -17.8387548 16.51 DA 26212.0a 7.76a 575.0 49.0 10 1
03103-6226 47.8357894 -62.2545421 16.05 DA 16000.0 8.0 1050.0 11.0 00 1
05276-4305 82.3005907 -43.0595245 16.10 DA 13000.0 8.0 1150.0 5.0 00 1
13140-1520 199.1818104 -15.5976591 14.86 DA3 16152.0a 7.72a 1862.5 3.0 20 1
20036-6613 302.099844 -66.0769588 15.91 DA 24250.0 8.0 1500.0 8.0 20 1
21010-1741 315.9666489 -17.4904601 16.57 DA 18750.0 8.0 975.0 13.0 01 1
21548-5908 329.5997382 -58.8983987 15.75 DA 12000.0 8.0 1037.5 9.0 00 1
Table 1 continued
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Table 1 (continued)
EC Name Right Ascension Declination V EC Sptype WD Teff WD log g BB Teff BB Rad Im Flag Ref
(J2000) (J2000) (mag) (K) (cm−2) (K) (RWD)
23379-3725 355.1531593 -37.1454489 16.18 DA 13250.0 8.0 837.5 18.0 00 1
Previously Identified:
04203-7310 64.9071296 -73.0622893 15.61 DA 19000.0 8.0 1125.0 19.0 20 2
05365-4759 84.473051 -47.9679045 15.63 DA 22250.0 8.0 1037.5 16.0 01 3
11507-1519 178.3133581 -15.6099161 16.00 DA5 12132.0a 8.03a 862.5 31.0 20 4
21159-5602 319.9006626 -55.8370306 14.27 DA 9625.0a 8.01a 900.0 10.0 00 5
22215-1631 336.0727067 -16.263386 15.45 DA 9937.0a 8.16a 925.0 6.0 00 6
Rejected Candidates:
00323-3146 8.7072847 -31.4978588 16.09 DAwk 36965.0a 7.19a 1225.0 11.0 10 1
04114-1243 63.4385557 -12.5944927 16.70 DA 50000.0 8.0 1500.0 16.0 20 1
04139-4029 63.9157837 -40.3757732 16.23 DA 43000.0 8.0 825.0 83.0 01 1
04516-4428 73.3031017 -44.394365 15.35 DA 16750.0 8.0 662.5 92.0 01 1
04552-2812 74.3051311 -28.1312704 13.98 DAwk 54386.0a 7.68a 1975.0 4.0 20 7
05024-5705 75.8461981 -57.0227396 16.22 DA 44000.0 8.0 1237.5 14.0 01 1
11023-1821 166.1945881 -18.6200168 15.99 DA5 8057.0a 7.85a 962.5 4.0 20 8
12303-3052 188.2520412 -31.1432902 15.81 DA2 22764.0a 8.28a 1150.0 6.0 20 1
19442-4207 296.9186198 -42.0074873 10.38 CV/DAe 9500.0 8.0 1325.0 5.0 01 9
aSpectroscopic parameters from Koester et al. (2009)
bSpectroscopic parameters from Gianninas et al. (2011)
Note—References: (1) This Paper; (2) Hoard et al. (2013); (3) Dennihy et al. (2016); (4) Kilic & Redfield (2007); (5)
von Hippel et al. (2007); (6) Farihi et al. (2010); (7) Dobbie et al. (2005); (8) Farihi et al. (2008); (9) O’Donoghue et al.
(2013)
Note—Under the column Im Flag, the first bit refers to the quality of imaging, with objects that have VHS Ks band-images
receiving a 0, VST-ATLAS z band images a 1, and those without follow-up images a 2. The second bit refers to the potential
for contamination. Objects which appeared as single stars were assigned a 0, those with one or more potential contaminants
within the 7.8′′ circle were assigned a 1.
Table 2. Region II: White Dwarfs with Stellar/Sub-Stellar Excesses
EC Name Right Ascension Declination V EC Sptype WD Teff WD log g BB Teff BB Rad Im Flag Ref
(J2000) (J2000) (mag) (K) (cms−2) (K) (RWD)
New Candidates:
00050-1622 1.8951187 -16.0922234 16.29 DA 15141.0a 7.59a 2837.5 6.0 10 1
00166-4340 4.775084 -43.4051481 15.53 DA 7250.0a 8.0a 2812.5 6.0 00 1
00286-6338 7.7279283 -63.3624649 15.23 DA 19750.0 8.0 3225.0 10.0 00 1
Table 2 continued
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Table 2 (continued)
EC Name Right Ascension Declination V EC Sptype WD Teff WD log g BB Teff BB Rad Im Flag Ref
(J2000) (J2000) (mag) (K) (cms−2) (K) (RWD)
00370-4201 9.8542309 -41.7470551 16.37 DA 10750.0 8.0 3875.0 1.0 00 1
00594-5701 15.3797183 -56.7644763 16.55 DA 13000.0 8.0 3187.5 9.0 00 1
01077-8047 17.0733956 -80.5236636 14.47 DA 5500.0 8.0 2912.5 4.0 20 1
01176-8233 19.3494814 -82.3011543 16.43 DA 17750.0 8.0 3737.5 17.0 20 1
01346-4042 24.2001527 -40.4593443 16.36 DA/DAB 13500.0 8.0 2950.0 17.0 00 1
02223-2630 36.1504952 -26.2812935 15.68 DA 23198.0a 7.91a 2087.5 6.0 10 2
02434-1254 41.4726889 -12.7056873 15.05 DA 29250.0 8.0 3275.0 11.0 10 1
03155-1747 49.4484126 -17.601521 16.48 DA 22750.0 8.0 2875.0 32.0 10 1
03378-8348 53.0676708 -83.6389586 16.24 DA 36750.0 8.0 3387.5 11.0 20 1
04094-3233 62.838107 -32.4373756 16.01 DA 18250.0a 8.0a 3037.5 16.0 20 1
04233-2822 66.3363893 -28.255434 16.48 DA 10907.0a 8.07a 2087.5 6.0 20 1
04310-3259 68.2266693 -32.8872894 17.6 DA 3750.0 8.0 2600.0 2.0 20 1
04365-1633 69.6966934 -16.4545871 16.03 DA 14092.0a 7.96a 2825.0 2.0 20 1
04567-2347 74.714622 -23.7150737 16.62 DA 23645.0a 7.79a 3175.0 5.0 20 1
05089-5933 77.4280658 -59.4939338 15.78 DA 28500.0 8.0 3750.0 61.0 00 1
05230-3821 81.1923171 -38.3099344 16.55 DA 18250.0 8.0 2712.5 11.0 20 1
05237-3856 81.3667125 -38.903283 16.17 DA 15750.0a 8.0a 2937.5 15.0 20 1
05387-3558 85.1301338 -35.9572189 13.97 DA 13250.0 8.0 3925.0 2.0 20 1
05430-4711 86.09625 -47.1715794 15.97 DA 8000.0 8.0 2650.0 9.0 00 1
12204-2915 185.7709471 -29.5410766 15.79 DA3 17702.0a 7.89a 2387.5 2.0 20 1
13123-2523 198.7660094 -25.6497229 15.69 DA1 75463.0a 7.68a 3425.0 17.0 20 1
13324-2255 203.7936553 -23.1771076 16.30 DA3 20264.0a 7.86a 2125.0 6.0 20 1
14265-2737 217.3638143 -27.8498806 15.92 DA3 18087.0a 7.66a 3062.5 2.0 20 1
14361-1832 219.744523 -18.7615606 16.56 DA? 29250.0 8.0 3737.5 8.0 20 1
19272-7152 293.2369964 -71.7669411 15.92 DA 20250.0 8.0 3525.0 12.0 20 1
20453-7549 312.7909386 -75.6400976 16.05 DA 25750.0 8.0 2500.0 3.0 20 1
20503-4650 313.4347278 -46.6575692 15.76 DAwk 19250.0 8.0 4100.0 10.0 01 1
21053-8201 318.3144577 -81.8191237 13.63 DA 10600.0a 8.24a 3587.5 1.0 20 1
21105-5128 318.4991085 -51.2753573 16.68 DA 16500.0 8.0 3262.5 4.0 01 1
21161-2610 319.7694033 -25.9702383 16.10 DA 24750.0 8.0 3400.0 2.0 01 1
21188-2715 320.4373582 -27.0364774 15.16 DA 5250.0 8.0 2625.0 6.0 20 1
21335-3637 324.162532 -36.4000738 15.73 DA 26940.0b 7.75b 3725.0 2.0 10 1
21459-3548 327.2267922 -35.5801944 16.35 DA 12000.0 8.0 2400.0 3.0 11 1
21470-5412 327.6000537 -53.9776573 15.26 DA 11500.0 8.0 2875.0 23.0 00 1
21473-1405 327.5153847 -13.8626911 15.75 DA 22250.0a 8.0a 3025.0 30.0 00 1
22016-3015 331.1442181 -30.0183606 15.58 DAe 12750.0 8.0 2762.5 31.0 10 1
Table 2 continued
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Table 2 (continued)
EC Name Right Ascension Declination V EC Sptype WD Teff WD log g BB Teff BB Rad Im Flag Ref
(J2000) (J2000) (mag) (K) (cms−2) (K) (RWD)
22158-2027 334.6492133 -20.2113139 16.00 DA 15500.0 8.0 3750.0 2.0 20 1
23016-4857 346.12937 -48.6825705 15.58 DA 4750.0 8.0 2862.5 2.0 00 1
23227-6739 351.4332031 -67.3785049 16.71 DAwk 31500.0 8.0 2900.0 9.0 20 1
Previously Identified:
00370-6328 9.8125271 -63.2073005 15.82 *DAe sdB+G 50000.0 8.0 3175.0 41.0 00 3,4
01162-2310 19.6547306 -22.9156167 16.15 DA 31990.0b 7.63b 3225.0 20.0 11 5
01319-1622 23.6002247 -16.1189799 13.94 DA 50110.0a 7.87a 3337.5 18.0 10 5
01450-2211 26.8410187 -21.9475691 14.85 DA(Z) 11747.0a 8.07a 2387.5 5.0 10 5
01450-7035 26.5471352 -70.339152 15.77 DA 19000.0 8.0 3375.0 6.0 20 5
02083-1520 32.6787961 -15.1095691 15.19 DA+dM 22620.0b 7.92b 3250.0 28.0 11 5
03094-2730 47.888501 -27.3236914 15.70 DA ? 56610.0b 7.53b 3712.5 40.0 10 5,6
03319-3541 53.4679871 -35.5210623 14.38 DA+dMe 23000.0a 8.0a 3200.0 31.0 10 4,5
03338-6410 53.643096 -64.0156465 14.32 DA 50000.0 8.0 3050.0 34.0 20 7
03479-1344 57.5607475 -13.5872177 14.96 DA 14250.0a 7.76a 2862.5 23.0 11 5
03569-2320 59.7703036 -23.2070023 15.87 DAwk 74710.0b 7.86b 3625.0 17.0 11 5
10150-1722 154.3701471 -17.6187202 16.77 DA4 32370.0b 7.58b 4075.0 15.0 20 5,6
12477-1738 192.5921204 -17.9129074 16.20 DA+dMe 21620.0a 8.16a 3287.5 27.0 20 5,8
12540-1318 194.1649138 -13.5783955 16.04 DA2 23710.0b 7.92b 3325.0 14.0 20 5
13077-1411 197.5938438 -14.4525458 16.44 DA4 26400.0b 7.92b 3737.5 25.0 20 5,6
13198-2849 200.6679344 -29.0922276 15.99 DA+dM 16620.0a 7.75a 2925.0 34.0 20 5,8
13349-3237 204.4613066 -32.872784 16.34 hot DA? sd? 7000.0a 8.0a 3262.5 4.0 20 9
13471-1258 207.4669075 -13.2272276 14.80 DA+dM 3000.0a 8.0a 2612.5 2.0 20 8
14329-1625 218.9405799 -16.63817 14.89 DA+dMe 16500.0a 8.0a 2837.5 27.0 20 8,9
14363-2137 219.8024563 -21.8369585 15.94 DA6 23690.0a 7.91a 3225.0 31.0 20 5
20220-2243 306.2477455 -22.5559774 16.45 DAwk/cont 50000.0 8.0 2200.0 12.0 20 10
20246-4855 307.0651962 -48.7608551 15.69 DA+dM 16250.0 8.0 3175.0 31.0 00 11
21016-3627 316.1957085 -36.2570282 16.79 DA 50000.0 8.0 4137.5 26.0 20 5
21083-4310 317.9062002 -42.9697055 15.77 DA 7750.0 8.0 2787.5 10.0 00 5
21384-6423 325.593066 -64.1624192 15.87 DA+dMe 17750.0 8.0 2962.5 30.0 01 3,4
22049-5839 332.0912832 -58.4093375 14.22 DA+dM 19500.0 8.0 3475.0 26.0 00 3,4
23260-2226 352.1615109 -22.1721571 16.80 DA 19590.0b 8.01b 3212.5 32.0 11 5
aSpectroscopic parameters from Koester et al. (2009)
bSpectroscopic parameters from Gianninas et al. (2011)
Note—References: (1) This Paper; (2) Rocchetto et al. (2015) (3) Kilkenny et al. (2015); (4) Kilkenny et al. (2016); (5)
Hoard et al. (2007); (6) Farihi et al. (2010); (7) Tappert et al. (2007); (8) Kilkenny et al. (1997); (9) Tappert et al. (2007);
(10) Downes et al. (2001); (11) O’Donoghue et al. (2013)
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Table 3. Region III: White Dwarfs with High Temperature/Low Radius Excesses
EC Name Right Ascension Declination V EC Sptype WD Teff WD log g BB Teff BB Rad Im Flag Ref
(J2000) (J2000) (mag) (K) (cm−2) (K) (RWD)
00169-3216 4.8518404 -31.9982455 15.67 sdB/DA? 30750.0 8.0 4287.5 5.0 10 1
02121-5743 33.4391834 -57.4967862 14.34 DAwk 17000.0 8.0 4625.0 2.0 00 1
03120-6650 48.1736862 -66.6561967 16.73 DA/sdB 24250.0 8.0 5125.0 2.0 20 1
03372-5808 54.5997256 -57.9739414 16.45 DA 44250.0 8.0 5500.0 3.0 00 1
03572-5455 59.6228876 -54.7779686 16.09 sdB?/DA? 22250.0 8.0 5287.5 3.0 00 1
04536-2933 73.8992797 -29.4835602 14.97 DAB 20640.0b 7.61b 4925.0 1.0 20 1
10188-1019 155.3301617 -10.5804209 16.35 DA5 17720.0b 8.52b 4612.5 2.0 20 1
11437-3124 176.575735 -31.6839625 17.32 DA1 38810.0b 8.04b 5412.5 4.0 20 1
14572-0837 224.9707361 -8.8247843 15.77 DA2 21448.0a 7.92a 4500.0 2.0 20 2
19579-7344 300.9522623 -73.5956704 16.65 DA 25250.0 8.0 4975.0 3.0 20 1
20228-5030 306.6264874 -50.3451028 17.13 DA 21250.0 8.0 5500.0 3.0 20 1
21591-7353 330.8978119 -73.6455014 14.46 DA 19750.0 8.0 4812.5 3.0 20 1
22185-2706 335.3493648 -26.8484764 14.76 DA 15039.0a 7.8a 4825.0 1.0 10 1
23127-4239 348.8769107 -42.392647 16.24 sdB/DAwk 29750.0 8.0 5500.0 2.0 00 1
23513-5536 358.4795859 -55.3316608 16.23 sdB/DA 24000.0 8.0 5275.0 3.0 00 1
aSpectroscopic parameters from Koester et al. (2009)
bSpectroscopic parameters from Gianninas et al. (2011)
Note—References: (1) This Paper; (2) Farihi et al. (2009)
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